
Prevalence of Autism Spectrum Disorder in
Adolescents Born Weighing�2000 Grams

WHAT’S KNOWN ON THIS SUBJECT: Low birth weight and/or
prematurity are considered to be risk factors for autism
spectrum disorders, largely on the basis of retrospective studies
or prospective studies that have used screening rather than
diagnostic instruments.

WHAT THIS STUDY ADDS: This is the first study of the prevalence
of autism spectrum disorders in a prospectively followed low
birth weight population using validated diagnostic instruments.
The 5% estimated prevalence rate found was�5 times the rate
reported in the general population.

abstract
OBJECTIVE: To estimate the diagnostic prevalence of autism spectrum
disorders (ASDs) in a low birth weight (LBW) cohort.

METHODS: Participants belonged to a regional birth cohort of infants
(N� 1105) born weighing�2000 g between October 1, 1984, and July
3, 1989, and followed up by periodic assessments to 21 years of age. At
16 years (n � 623), adolescents were screened for ASD using a wide
net (previous professional diagnosis of an ASD or a score above a
liberal cutoff on the Social Communication Questionnaire or the Autism
Spectrum Symptoms Questionnaire). At 21 years (n � 189), 60% of
screen positives and 24% of screen negatives were assessed for diag-
noses of ASD by the Autism Diagnostic Observation Schedule or the
Autism Diagnostic Interview–Revised.

RESULTS: Samples retained at ages 16 and 21 years were representa-
tive of samples assessed at earlier ages except for lower levels of
social risk. Of positive screens, 11 of 70 had ASD; of negative screens, 3
of 119 had ASD. The fractions of the 2 screening groupswith ASD (14.3%
in screen-positives and 2.5% in screen negatives) were weighted by
fractions of screen-positives and screen-negatives among the adoles-
cents (18.8% and 81.2%, respectively). This calculation produced an
estimated prevalence rate of ASD in the entire cohort of 5% (31 of 623).

CONCLUSIONS: The diagnostic prevalence of ASD in this LBW preterm
cohort was higher than that reported by the Centers for Disease Con-
trol and Prevention for 8-year-olds in the general US population in 2006.
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Low birth weight (LBW) and prematu-
rity are established risk factors for
cognitive and motor disability.1,2 The
prevalence of neurodevelopmental im-
pairment increases with diminishing
birth weight and gestational age.3 As
survival of the smallest and most im-
mature infants improves, impaired
survivors represent an increasing
public health challenge.

Emerging evidence suggests that LBW
may also be a risk factor for autism
spectrum disorders (ASDs). Retro-
spective studies have suggested an as-
sociation between LBW and/or pre-
term birth and risk for ASD.4–10

Prospective studies in children11–13

and adolescents3,14–16 have supported
this suggestion. Most prospective stud-
ies, however, have determined risk for
ASD on the basis of screening instru-
ments rather than a definitive diagnosis.
Only 1 prospective study to date has as-
sessed the actual diagnostic prevalence
of ASD in children born prematurely.17,18

In that study, 219 parents of 11-year-olds
born at the extremely low gestational
age of�26weeks in the United Kingdom
and Ireland were interviewed by tele-
phone or responded to an online survey
of amultipurposestructuredpsychiatric
interview, the Development and Well-
being Assessment (DAWBA).19 Using this
instrument, the prevalence of ASD in
births �26 weeks was reported to be
8%. Such extremeprematurity, however,
affects�0.25% of all US births.20

This report presents the screening and
diagnostic prevalence of ASD in a large
population-representative cohort of ado-
lescents bornweighingbetween500and
2000 g, a weight interval that represents
�3% of US births.21

METHODS

Neonatal Brain Hemorrhage Study
Cohort

The study sample was drawn from the
Neonatal Brain Hemorrhage Study
(NBHS) cohort, consisting of all infants

admitted to 3 hospitals that together
cared for 85% of births �2000 g in 3
central New Jersey counties from Oc-
tober 1, 1984, to July 30, 1987.22 At that
time, these 3 counties were demo-
graphically comparable to the nation
as a whole, except for having a slightly
higher per capita income and slightly
lower proportion of minorities.22 This
cohort was prospectively enrolled at
birth and reassessed at ages 2,23,24

6,25,26 9,27,28 16,29,30 and 21 years. All en-
rolled families spoke English.

Two-Stage Design and Sampling
Methods

The prevalence of ASD in the NBHS co-
hort was estimated by using a 2-stage
design. In the first stage, a screening
for ASD using parent questionnaires
was conducted at the 16-year follow-
up. In the second stage, at the 21-year
follow-up, a diagnostic assessment for
ASD was conducted with young adults
recruited from all those who screened
positive in the first stage and from a
systematically obtained sample of
those who screened negative in the
first stage. Lists of screened negative
potential recruits were initially se-
lected at random in batches on the ba-
sis of year of birth (to ensureminimum
appropriate age of participants), strat-
ified according to gender to match the
male:female ratio of screen-positives
for that birth year. When numbers of
screen-negative recruits fell short for
a given birth year, additional recruits
were drawn from all remaining
screen-negatives of the appropriate
gender without respect to birth year.

First Stage: Screening Procedure
for ASD (at 16 Years of Age)

As part of a larger psychiatric follow-
up,29 adolescents were assessed for
symptoms of ASD by using the Social
Communication Questionnaire (SCQ),
previously known as the Autism
Screening Questionnaire,31 and the Au-
tism Spectrum Screening Question-

naire (ASSQ).32 Adolescents’ parents
were also asked whether a profes-
sional had ever diagnosed their child
with an ASD (autism, Asperger syn-
drome, or pervasive developmental
disorder [not otherwise specified]).
Screening data were obtained primar-
ily by questionnaires collected at a
home visit (499 [80%]) and the remain-
der by mail and/or telephone (127
[20%]).

A participant in the 16-year follow-up
was considered “screen-positive” if he
or shemet any of the following criteria:
(1) a score of �9 on the SCQ; (2) a
score of�12 on the ASSQ; or (3) a his-
tory of professional diagnosis of ASD.
The screen was designed to cast as
wide a net as possible, so the cutoff
points used were lower than the cus-
tomary cutoff points of 15 for the SCQ31

and 22 for the ASSQ.32

Second Stage: Recruitment and
Diagnostic Procedure

Young adults were located by using
tracking information available from
earlier follow-ups; when necessary, Ac-
curint, a national tracking system, was
used. In some cases, parents facili-
tated contact.

The diagnostic instruments usedwere:
(1) the Autism Diagnostic Interview–
Revised (ADI-R)33 (administered to
parents); and (2) the Autism Diag-
nostic Observation Schedule (ADOS,
module 4) (administered to the
young adults).34 Both the ADIR and the
ADOS are well-validated instruments
widely used in research. The validity of
these tools may be compromised in
the circumstance of severe to pro-
found disability (eg, mental age � 2
years).35,36 In this circumstance, addi-
tional information obtained from clini-
cal history can be combined with infor-
mation from the ADI-R and/or ADOS to
inform a best-estimate diagnosis us-
ing the Diagnostic and Statistical Man-
ual of Mental Disorders, Fourth Edition
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criteria.37 Two research associates,
who were blind to screening status
and research reliable in the adminis-
tration and scoring of the diagnostic
instruments, completed the assess-
ments under the supervision of the di-
rector of the Regional Autism Center
(Dr Levy). In-person assessments took
place at the Children’s Hospital of Phil-
adelphia or at the Children’s Hospital
of Philadelphia Specialty Care Center
in Princeton, New Jersey. For the ADIR,
scores needed to be above published
threshold scores on each of 4 domains:
(1) reciprocal social interaction; (2)
communication; (3) restricted, repeti-
tive, stereotyped patterns of behavior;
and (4) abnormality of development evi-
dent at or before 36 months.38 For the
ADOS, the total score on the communica-
tion and social domains needed to be
above the published threshold for an
ASD.39

Of the total 189 patients evaluated at
21 years of age, data were available
from both the ADOS and the ADI-R on
144 (76%). An additional 75 had data
from either the ADOS alone (n� 10) or
the ADI-R alone (n� 65). Most of those
evaluated with the ADIR alone (n� 62)
had distance or scheduling issues that
precluded an in-person ADOS evalua-
tion; the remaining 3 patients were
evaluated only by parental interview
using the ADI-R because they were se-
verely disabled.

Human Subjects Consideration

This study was approved by the insti-
tutional review board of the Chil-
dren’s Hospital of Philadelphia and
the New York State Psychiatric Insti-
tute. Consent was obtained from the
participating young adults (or their
legal guardians, as applicable) and
their families.

Statistical Analysis

Two sets of analyses addressed attri-
tion issues. The first set compared

those who were screened as adoles-
cents to the remaining eligible ado-
lescents on basic sample character-
istics shown in Table 1 using t tests
for continuous measures and �2 tests
for categorical ones. The second set
determined whether sample loss be-
tween adolescence and young adult-
hood was conditional on ASD screen-
ing status. These analyses were
conducted using 2 (positive versus
negative screen status) by 2 (retained
in sample versus not retained) analy-
sis of variances (for continuous depen-
dent measures), logistic regressions
(for dichotomies), and multinomial re-
gressions (for categorical variables
having �2 categories). Significant
interactions and main effects are
reported; consistent with general

statistical practice, follow-up com-
parisons between retention groups
within screen status strata were
only undertaken where there were
significant interactions.

Prevalence in the entire cohort was
calculated by weighting the propor-
tions of screen-positives and screen-
negatives found to have ASD as young
adults by the proportion of screen-
positives and screen-negatives in the
adolescent sample.

The relation of the ASD diagnosis to
basic sample characteristics was ex-
amined by using �2 statistics. SPSS
software40 was used for all analyses;
the criterion for statistical signifi-
cance was set at a 2-tailed � value of
0.05.

TABLE 1 Sample Characteristics: LBW Adolescents Screened for ASD at 16 Years of Age and Others
Eligible but Not Screened for ASD at 16 Years of Age

16-y-Old Sample Screened
for ASD (n� 623)

Others Eligible at 16 y of
Age (n� 239)a

Maternal social risk, %b,c 43.9 65.1
Minority status, %b 27.0 40.6
Less than high school education, %b,d 12.0 33.5
Age younger than 19 y, %b,e 5.6 16.0
Unmarried, %b,f 22.9 46.4
Receiving public assistance, %b,g 21.6 41.7
Male gender, % 49.3 52.3
Birth weight, mean� SD, g 1475.3� 353.3 1492.7� 377.9

�1500 , % 52.5 54.4
1000–1499, % 35.3 32.2
�1000, % 12.2 13.4
Gestational age, mean� SD, completed wk 31.2� 3.1 31.3� 3.3

�36 wk, % 3.7 4.2
34–36 wk, % 19.3 18.9
32–33 wk, % 22.3 24.4
28–31 wk, % 42.1 40.3
�28 wk, % 12.7 13.2
Small for gestational age, %h 32.3 34.7
Bronchopulmonary dysplasia, %i 5.3 4.2
a Surviving and nonadopted LBW cohort members at age 16 years who were lost to follow-up (n � 151), who refused
participation (n� 83), or who were assessed at age 16 years but were missing all 3 components of the ASD screen (n� 5).
Of these last 5 patients, 3 were disabled mentally (IQ� 55) and/or could not walk without assistance. Thirty-one survivors
were not eligible to be seen at age 16 years because they had been adopted.
b Age 16 years sample screened for ASD versus others eligible at age 16 years: P� .001, unadjusted for multiple tests.
c Mother’s social risk at time of participant’s birth. One or more of the components listed in the 5 successive rows.47 When
�1 components of risk were missing, the total was pro-rated by multiplying 5 by the proportion of nonmissing risk factors
that were positive for risk.
d Not present for all cases; column n values are 559 and 182, respectively.
e Not present for all cases; column n values are 622 and 238, respectively.
f Not present for all cases; column n values are 538 and 168, respectively.
g Not present for all cases; column n values are 509 and 168, respectively.
h Lowest 10th percentile of weight for weeks of postconception age, using norms of Yudkin et al.48
i Defined as the need for oxygen and/or ventilatory support at 36 weeks’ postmenstrual age. Not present for all cases;
column n values are 620 and 238, respectively.

ARTICLES

PEDIATRICS Volume 128, Number 5, November 2011 885

pediatrics.aappublications.org/


RESULTS

Sample Attrition

Figure 1 shows the attrition of the sam-
ple from birth to young adulthood. By
16 years of age, 862 adolescents were
considered eligible for follow-up; of
these, 628 participated. All but 5 partic-
ipating families completed the autism
screening instruments at that time,
leaving a final sample of 623 (72%; Fig
1). Of these, 80.7% completed all 3
parts of the screen and very few (8.0%)
completed only 1 part. At 21 years of
age, 60% of the screen-positive group
(n � 70) was evaluated for an ASD di-
agnosis at 21 years of age (Fig 1),
whereas 40% (n � 47) were lost to
follow-up because of inability to con-
tact (n � 11), inability to schedule
because of time/distance constraints
(n� 27), or refusal (n� 9).

Table 1 shows the characteristics of
adolescents screened for ASD and
those eligible but not screened at 16
years of age. The 2 groups differed sig-
nificantly only with respect to lower
maternal social risk at birth in those
screened.

Table 2 shows the characteristics of
those who were and were not retained
in the sample from 16 to 21 years of
age according to screen status. These

data address the possibility that char-
acteristics of those retained (versus
not retained) were dependent on
screen status. With the exception of 1
component of maternal birth social
risk (ie, receipt of public assistance),
this was not the case. For this 1 vari-
able, there was a significant interac-
tion between screen status and sam-
ple retention (Wald �2

1 � 4.92, P �
.027) such that therewas a greater dis-
crepancy between retained and not-
retained among the screen-positives,
although those retained had lower per-
centages of those receiving public assis-
tance in both groups (Table 2 legend).

Significant main effects of retention, ir-
respective of screen status, were all in
the expected direction, namely that
those not retained in the sample at 21
years of age (n� 434) were more likely
than those retained in the sample (n�
189) to be at greater risk for suboptimal
neurodevelopmental outcomes (Table 2
legend).

Significantmain effects of screen status,
irrespective of sample retention, were
similarly all in the same direction. Those
who screened positive at 16 years of age
(n � 117) compared with those who
screened negative (n� 506) weremore
likely to beat greater risk for suboptimal

neurodevelopmental outcomes (Table 2
legend). Notably, however, boys were
only marginally more common among
the screen-positives (56.4%) than
among the screen-negatives (47.6%;
P � .10), indicating that the gender
matching of screen-negatives to
screen-positives was fairly successful.
Another important characteristic of
the screen positive and screen-
negative samples (data not shown in
Table 2)—namely, the percentage of
families in each group who were inter-
viewed by telephone because of sched-
uling and distance issues—also did
not differ across the groups (32.9%
and 34.5%, respectively).

Screening Prevalence at 16 Years
of Age

Of the 623 adolescents screened for ASD,
117 (18.8%) were screen-positive by 1 or
more of the 3 screening criteria. Of the
117 screen-positives, 62were positive on
theSCQalone,26werepositiveontheASSQ
alone, and 6were positive solely by parent
report of a professional diagnosis. Sixteen
were positive on 2 parts, and 7 were posi-
tive on all 3 parts of the screen.

Diagnostic Prevalence of ASD

Of the 70 young adults examined who
were screen-positive as adolescents,
11 were found to have ASD (Table 3). Of
the 119 screen-negatives, 3 were found
to have ASD.

To estimate the prevalence of ASD cases
in the original sample of 623 adoles-
cents, the numbers of young adults
found to have ASD in the 2 screening
groups (14.3% among the screen-
positives and 2.5% among the screen-
negatives) were weighted by the frac-
tions of screen-positives and negatives
among the adolescents (18.8% and
81.2%, respectively) as shown in Table 3.
Thus, the best estimate of the preva-
lence of ASD in the entire adolescent
LBW cohort is 5.0% (31 of 623).

Newborn brain hemorrhage cohort 
N = 1105

Died:          n = 212 
Adopted:  n = 31  

Available for follow-up at age 16 y
n = 862 

Screened for ASD at 16 y               
n = 623 (72%)

Screen posi�ve for ASD 
n = 117 (19%)

Screen nega�ve for ASD 
n = 506 (81%) 

Comparison  sample  evaluated   
with ADI-R and/or ADOS at 21 y

n = 119 (24%) 

ADI-R and/or ADOS 
completed at 21 y

n = 70 (60%)

 Lost to follow-up or neither 
ADI-R/ADOS completed 

at 21 y, n = 47  (40%)  

Lost to follow-up, n = 151 
Refused to par�cipate, n  = 83 
Not screened, n = 5 

FIGURE 1
Sample attrition.

886 PINTO-MARTIN et al



Characteristics of the Cases
Of the 14 cases, 3 were screen-
negative as adolescents and 11 were
screen-positive (Table 4). All 14 cases
had an ADI-R completed by a parent. Six

did not have ADOS scores; 5 of these
could only be interviewed by tele-
phone, precluding an ADOS assess-
ment, and 1 was assessed using the
ADOS, but the results were considered

invalid because of physical disability.
Of the 8 caseswith a completed ADOS, 2
met the threshold on both the ADI-R
and ADOS, 1 on only the ADI-R, and the
rest on only the ADOS.

TABLE 2 Birth Risk Factors and 16-Year Neurodevelopmental Status in Screen-Positives and Screen-Negatives According to Sample Retention From 16
to 21 Years

Screened Positive at 16 y of Age Screened Negative at 16 y of Age

Retained in
Sample (n� 70)

Not Retained in
Sample (n� 47)

Retained in Sample
(n� 119)

Not Retained in Sample
(n� 387)

Perinatal risk factors
HUS status
NA, % (reference category) 58.6 66.0 84.0 81.1
Germinal matrix and/or intraventricular hemorrhage, % 18.6 14.9 14.3 14.0
Parenchymal lesion and/or ventricular enlargement, % 22.9 19.1 1.7 4.9
Birth social risk:�1 of 5 risk conditions, %a 38.6 73.9 26.1 46.8
Minority status, % 18.6 53.2 11.8 30.0
Less than high school education, %b 11.9 26.2 6.5 12.0
Age� 19 y, % 2.9 10.9 1.7 6.7
Unmarried, %c 15.4 42.5 8.2 26.3
Receiving public assistance, %d 16.1 51.3 14.7 21.1
Male gender, % 54.3 59.6 56.3 45.0
Birth weight, mean� SD, g 1420� 395 1404� 370 1507� 348 1484� 344

�1500 g, % (reference category) 50.0 44.7 55.5 53.0
1000–1499 g, % 30.0 40.4 33.6 36.2
�1000 g, % 20.0 14.9 10.9 10.9
Gestational age, mean� SD, completed wk 31� 3 31� 3 31� 3 31� 3

�36 wk, % (reference category) 5.7 0.0 1.7 4.4
34–36 wk, % 20.0 17.0 21.0 18.9
28–31 wk, % 48.6 38.3 42.0 41.3
�28 wk, % 15.7 14.9 16.0 10.9
Small for gestational age, %e 34.3 31.9 22.7 34.9
Bronchopulmonary dysplasia (%)f 11.6 6.4 5.0 4.2
Neurodevelopment at age 16 y
Disabled cognitively or motorically, %g 18.6 23.4 0.8 1.3
Inability to walk without assistance, %h 12.9 12.8 0.8 1.3
Severe intellectual impairment, %i 14.3 23.4 0.0 0.8

Significant interaction between screen status and retention status. The only significant interaction involved a greater disparity between retained and not retained in the percentage of
mothers who received public assistance at the time of their child’s birth among the screen-positives than among the screen-negatives (Wald �21� 4.92, P� .027). In the screen-positives,
the percentage of mothers receiving assistance in those retained was 35.2 percentage points lower than in those not retained (�21� 14.17, P� .001), whereas among the screen-negatives
this percentage was 6.4 percentage points lower in those retained than in those not retained (�21� 1.86, P� .172).
Significant main effects for retention in sample, irrespective of screen status. Those not retained (n� 434) compared with those retained (n� 189) were more likely to be male and small
for gestational age (55.6% vs 46.5%, and 34.6% vs 27.0%, respectively; both P� .05). They were also more likely to have�1 social risk factors (49.7% vs 30.7%; P� .001). Of the social risk
factors, those not retained were more likely to be of minority status (32.5% vs 14.3%; P� .01) and to be unmarried (28.0% vs 11.0%; P� .001).
Significant main effects for screen status, irrespective of retention in sample. Those who screened positive at age 16 years (n� 117) compared with those who screened negative (n� 506)
had slightly lowermean birth weights (1413.6 vs 1489.6 g; P� .05) and weremore likely to have parenchymal lesions or ventricular enlargement as determined by neonatal head ultrasound
(21.4% vs 4.2%; P� .001). At the time of the adolescents’ birth, the mothers of those who screened positive were more likely than the mothers of those who screened negative to have�1
social risk factors (52.6% vs 41.9%; P� .001). They were more likely to be a member of a minority (32.5% vs 25.7%; P� .01), to have less than a high school education (17.4% vs 10.7%; P�
.05), to be unmarried (25.7% vs 22.2%; P� .05), and to be receiving public assistance (29.7% vs 19.6%; P� .001). The adolescents were also more likely to be disabled (either cognitively or
motorically) and more likely to be nonambulatory and severely mentally disabled (20.5% vs 1.2%, 12.8% vs 1.2%, and 18.8% vs 0.6%, respectively; all, P�0.001) at age 16 years. Males were
only marginally more common among the screen-positives (56.4%) than among the screen-negatives (47.6%) (P� .10).
NA indicates not available.
a Components are listed in the 5 succeeding rows. When�1 components of risk weremissing, the total was pro-rated bymultiplying 5 by the proportion of nonmissing risk factors that were
positive for risk.
b Not present for all cases; column n values are 67, 42, 107, and 343, respectively.
c Not present for all cases; column n values are 65, 40, 93, and 335, respectively.
d Not present for all cases; column n values are 62, 39, 95, and 313, respectively
e In the lowest decile of the distribution of weight for gestational age using the gender-specific norms of Yudkin et al.48
f Defined as the need for oxygen and/or ventilatory support at 36 weeks postmenstrual age. Not present for all cases; column n values are 69, 47, 119, and 385, respectively.
g Severe intellectual impairment or inability to walk without assistance.
h Item 5 of the Activities Limitations Questionnaire.49
i For those seen in person at age 16 years, Wechsler Abbreviated Scale of Intelligence, Full-Scale IQ (FSIQ)50 �55 or untestable and �2 domains of the Vineland Adaptive Behavior Scale
(VABS)51 scored as low ormoderately low; for those assessed by telephone interview at that age, average of FSIQ scores from testing at 6 and/or 9 years�55 and�2 subdomains of the VABS
scored as low or moderately low, or when FSIQ data were unavailable from earlier waves of testing, a composite score of the VABS from the telephone interview�55.
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The overall male to female gender ra-
tio was 3.7:1 (11 boys, 3 girls). Sixty-
four percent (9 of 14) were relatively
high functioning and verbal (ie, phrase
speech and IQ �70). Of the 11 cases
who were screen-positive in adoles-
cence, 6 were reported to have been
diagnosed with ASD by a professional
and 5 had not. For these 11 subjects,
scores on the Weschler Abbreviated
Scale of Intelligence at 16 years of age
ranged widely, from 50 (the default
score for those too cognitively im-
paired to be tested) to 112; their
Vineland scores also varied widely,
ranging from 32 to 81. By contrast, of
the 3 cases who screened negative in

adolescence, all IQ scores were at
least 1 SD above the mean (�115),
whereas Vineland composite scores
ranged from 85 to 95. None of these 3
casesmet threshold on the ADI-R. Six of
the 14 cases (42.9%)met criteria for at
least 1 other psychiatric disorder at 16
years of age on the basis of a validated
psychiatric interview.30

None of the basic sample characteris-
tics in Table 1 were significantly re-
lated to a diagnosis of ASD, although
there were marginal relations for gen-
der and birth weight (P� .10). The per-
centage of boys having a diagnosis of
ASD (9.9%) was larger than that of

girls having a diagnosis (3.3%; �21 �
3.32, P � .07). In addition,10.6% of
those born weighing �1500 g had an
ASD diagnosis compared with only
3.7% of those born weighing between
1500 and 2000 g (�21� 3.68, P� .055).

DISCUSSION

This is the first study to have estimated
the prevalence of ASD in a prospectively
followed LBWpopulationusing research-
validated diagnostic instruments. ASD
prevalence in this US population-
representative cohort of LBW (�2000 g)
adolescents was estimated to be 5%, a
fivefold increase over that reported by
the Centers for Disease Control and Pre-

TABLE 3 Estimated Prevalence of ASD in Total Cohort (N� 623) Based on Findings in 198 Participants With Diagnostic Assessment at 21 Years of Age

ASD Prevalence in Young
Adults by Screening
Status, % (n/N)

Screening Status Prevalence
in Total Cohort, % (n/N)

Estimated n and Prevalence
of ASD in Total Cohort

Screen-positive 15.7 (11/70) 18.8 (117/623) 18 (15.7%� 117)
Screen-negative 2.5 (3/119) 81.2 (506/623) 13 (2.5%� 506)
Total 7.0 (14/189) — 5.0% (31/623)

TABLE 4 Characteristics of the ASD Cases

Case No. 21-y Assessment Gender 16-y Assessment

ADI-R ADOS Age, moa FSIQ VABSC Riley
Scoreb

Other DSM-IV
Diagnosesc

First
Word

First
Phrase

Screen-negatives
1 No diagnosis ASD �24 �33 Male 118 92 0 None
2 No diagnosis ASD 21 21 Male 115 85 8 ODD
3 No diagnosis ASD 17 19 Male 127 95 2 None
Screen-positives
4 ASD No dx �24 Unknown Female 112 65 11 None
5 No diagnosis Autism 18 24 Female 99 81 12 Motor-vocal tics
6 ASD Autism 30 45 Male 97 64 9 Tourette’s syndrome
7 ASD Not testedd 36 60 Male 77 45 7 Transient tic disorder;

specific phobia
8 ASD Not testedd �24 36 Male 76 56 7 ADHD; ODD; CD; social

phobia
9 ASD ASD 15 36 Female 72 64 7 ADHD
10 No diagnosis ASD 36 48 Male 68 74 6 none
11 ASD Not testedd,e 60 60 Male Not testedd,e 39 —d,e Not assessedd,e

12 ASD Not testede 36 36 Male Not testede 32 —e Not assessede

13 ASD Not testedd 18 30 Male Not testede 54 —d Not assessedd

14 ASD Not testedd 36 45 Male Not testede 50 —d Not assessedd

FSIQ indicates full-scale IQ (from the WASI); VABSC, Vineland Adaptive Behavior Scale Composite51; DSM-IV, Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition; ODD,
oppositional/defiant disorder; ADHD, attention deficit hyperactivity disorder; CD, conduct disorder.
a Based on ADIR scoring for items 9 (first word) and 10 (first phrase) where “normal” is�24 and�33 months, respectively.
b Scores�5 are in the top 10% of the Riley Motor Problems52 distribution; they indicate some motor impairment.
c Ascertained at age 16 years with the Diagnostic Interview Schedule for Children/Parent Version–IV, using the threshold algorithm,30
d Assessed by telephone; no in-person assessments at this age.
e Severe motor impairment; nonambulatory.
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vention for 8-year-olds in the US general
population in 2006 (0.9%).41 In addition,
we found that 18.8% of the adolescents
screened positive for ASD. Screening cri-
teria were designed to maximize sensi-
tivity, contributing to the high false-
positive rate encountered. Nonetheless,
2.5% of those with ASD, notably high-
functioning boys, were not picked up on
screening.

As a group, the 14 subjects with ASD di-
agnosed in young adulthood seemed to
be relatively high functioning in terms of
IQ and spoken language. The proportion
(63%)with an IQ of�70 (at least border-
line intelligence) was higher than that of
a recent population estimate of 45% for
school-aged cases of ASD.42 All of the
cases here had developed phrase
speech, which has recently been re-
ported as absent in 10% to 20% of per-
sons with ASD.43 One possible reason for
these apparent differences is that ASD
associated with prematurity has a dis-
tinctive neurodevelopmental profile. Al-
ternatively, a number of additional low-
functioning ASD cases might have been
diagnosed had the retention rate in the
screen-positive group been greater. The
greater retention of thosewith less over-
all social risk is consistent with this pos-
sibility. Addressing these alternative
possibilities is beyond the scope of this
report.

Prospective studies have reported high
screening prevalence in LBWand/or pre-
mature toddlers ranging from21%13,44 to
37%12 using the Modified Checklist for
Autism in Toddlers. In prospective co-
horts of older children (11 and 14–15
years), the screening prevalence was
not quite so high (�1% to 3.7%), but
some studies did not use autism-specific
screens.16,45,46 Johnsonet al17 recently re-
ported screening and diagnostic preva-
lence of ASD of their prospective cohort
of all births �26 weeks in 1995 in the
United Kingdomand Ireland. Of the survi-
vors, 71% were assessed at 11 years us-
ing the SCQ screening instrument and a

clinical best estimate diagnostic pack-
age, the DAWBA. Screening prevalence
was 15.8%, comparable to that found in
our study. Diagnostic prevalence was
8%. It is not clear whether restriction of
the Johnson et al sample to extremely
lowgestational agesurvivorsand/or fea-
tures of the DAWBA account for the
higher diagnostic prevalence rate in
their study.

To date, the only epidemiologic study to
estimate prevalence rates of ASD in
adults born prematurely is that of
Moster et al.2 Using linked compulsory
national registries in Norway, they found
that the rates of disability payments for
ASD among adults 20 to 36 years old in
2003 (born between 1967 and 1983) rose
significantly as gestational ages de-
clined. Rates in that study rose from
0.05% among those born at term (gesta-
tional age � 37 weeks) to 0.6% among
thosebornat gestational agesof 23 to 27
weeks. Although these rates were con-
siderably lower than the 5% found here,
the inverse relation of gestational age to
ASD of sufficient severity to warrant
disability payments in adulthood high-
lights the long-term public health im-
pact of prematurity on ASD-associated
disability.

Strengths

In this study, rigorous diagnostic pro-
cedures were used to estimate the di-
agnostic prevalence of ASD in AN LBW
population. Given that the present co-
hort was not restricted to those at the
lower extremes of birth weight and
gestational age, generalizability of our
findings is broader than is often the
case in LBW/preterm follow-up stud-
ies. Moreover, because this cohort is
population based, findings are likely to
have greater generalizability than
those from hospital-based cohorts.

Limitations

The proportion lost to follow-up over the
5-year period between the adolescent

and young-adult follow-up was relatively
high. However, the differences in charac-
teristics between those retained in the
young adult sample versus those not re-
tained were, for themost part, the same
among those who screened positively
and negatively in adolescence. Some ad-
olescents did not receive all parts of the
3-part screen. In addition, not all young
adults were assessed using both the
ADIR and ADOS. ASD diagnosis at an ear-
lier follow-up age might have increased
participant availability for the in-person
ADOS evaluations. Finally, the lack of a
normal birth weight control group al-
lowed comparison only with general
population estimates of ASD prevalence.

CONCLUSIONS

The estimated prevalence of ASD diagno-
ses in this LBW cohort was 5 times the
prevalence reported by the Centers for
Disease Control and Prevention for
8-year-olds in the general US population
in 2006. This prospective study, using rig-
orous diagnostic procedures, confirms
that the rate of ASD is elevated among
LBW/preterm survivors.
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ARTHRITIS AND EXERCISE: My father has osteoarthritis and my mother rheu-
matoid arthritis. I call them frequently and ask what they have been doing.
Almost invariably they report that they have not done much at all. Their ap-
proach tomanaging joint pain is to sleep in, rest, and avoid exercise. I am pretty
sure that is not the regimen their physicians have recommended. I remind them
that physical activity is good for joints. Unfortunately, they don’t really believe
that is true. My parents are not the only adults with arthritis who are not
exercising. As reported in the Los Angeles Times (Health: August 31, 2011), in a
study of 1,000 adults aged 49–84 with knee osteoarthritis, “only 13 percent of
men and 8 percent of women met federal guidelines of 2.5 hours of moderate-
intensity, low-impact activity each week.” Something as simple as walking a dog
can be beneficial. Part of the problemmay be that initially, exercise can be a bit
painful. The longer individuals put off exercising, the more likely it is they will
experience some pain at the start of their exercise program. This leads to a
vicious negative cycle. Exercise is not only good for joints but contributes to
overall fitness and weight loss—both of which are beneficial. The best way to
get adults such as my parents exercising again is not known. One approach
might be to encourage them at the onset of their disease so that exercise
becomes part of their daily routine. My own approach has been to remind my
parents that their dog is obese and going stir-crazy. While theymay not exercise
for their own health, they love their dog and want to ensure her continued good
health. So, after such a reminder, my mother will often take the dog for a walk.
They both seem happier afterwards.

Noted by WVR, MD
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